A pilot study on the reproductive risks of maternal exposure to magnetic fields from electronic article surveillance systems Purpose: We investigated the feasibility of a large-scale epidemiological study on reproductive effects of intermediate frequency (IF) magnetic field (MF) exposure among cashiers working near electronic article surveillance (EAS) systems. Materials and methods: The study cohort included 4157 women who had worked as cashiers in supermarkets with EAS devices (considered as exposed) or grocery stores without EAS devices (considered as unexposed) between 2008 and 2015. 536 births and 38 miscarriages occurred among these women during the study period, based on information from nationwide health registries. Measurements were also performed to characterize the MF exposure of cashiers. Results: Cashiers were found to be exposed to 8.2 MHz MFs only when passing by the gates at short distance. Static fields of about 0.1 mT were observed at cashier's seat. Extremely low frequency MFs were higher at stores without EAS devices. No differences on the risk of miscarriage, reduced birth weight or preterm birth were observed between cashiers in different store types.
Introduction
The use of devices generating intermediate frequency (IF) magnetic fields (MFs) (300 Hz -10 MHz) is increasing in both occupational and domestic settings. However, studies assessing possible health risks of human exposure to electric and magnetic fields have mainly focused on the extremely low frequency (ELF, >0 -300 Hz) and radiofrequency (>10 MHz -300 GHz) ranges. Only a few studies have addressed possible long-term health effects from low-level exposure to IF MFs, and more such studies are needed (EC 2015) .
Electronic article surveillance (EAS) systems used in supermarkets to protect merchandise against theft are among the most common devices operating in the IF range. The general public is exposed to IF MFs from EAS systems only for very short times but cashiers work in the close vicinity of these devices throughout their work shift. Therefore, their exposure can potentially include both high levels and long duration.
In our previous study we assessed the exposure of cashiers working near electromagnetic (frequency range from 20 Hz to 18 kHz) and acoustomagnetic (frequency range 58-60 kHz) EAS systems . We found out that cashiers were generally exposed to elevated IF MFs, and occupational reference levels set by the International Commission on Non-Ionizing Radiation Protection (ICNIRP) were in some cases exceeded for short periods of time when walking through the surveillance gates. We therefore considered that cashiers in grocery stores could serve as a basis for epidemiological studies addressing possible health effects of IF MFs.
Many cashiers are women at fertile age, and there is some previous evidence that reproductive outcomes might be affected by electromagnetic fields (Juutilainen 2003 (Juutilainen , 2005 Lewis et al. 2016) .
We conducted a pilot study to assess the feasibility of a large-scale epidemiological study on reproductive effects of occupational exposure to IF MFs from EAS systems. A register-based cohort study was carried out to investigate possible effects of occupational IF MF exposure on the risk of miscarriage, reduced birth weight, smallness for gestational age (SGA) and preterm birth. The study was conducted among the personnel of a local affiliate of a large Finnish retail company that had been involved in the previous exposure assessment study ). However, the electromagnetic and acoustomagnetic EAS systems previously used by this company had been updated to another technology after our measurements. Therefore, we performed additional measurements to assess cashiers' exposure to IF MFs from the currently used EAS devices operating at the frequency of 8.2 MHz.
Materials and Methods

Selection and characteristics of the study group
The Ethical Committee of University of Eastern Finland approved the study February 17, 2015.
The study group was identified from the personnel register of a local affiliate of a large Finnish retail company and included women aged 18 to 40 years who had worked in grocery stores in any period during January 1, 2008 to December 31, 2015 (i.e. study period). Personal identity numbers (which include information on birth date) and details on contracts of employment (start and end dates) of 4 157 women were received from the register.
The births that occurred among the cohort members during the study period were identified from the Finnish Medical Birth Register, which contains data on all mothers who have given birth in Finland and on all newborn infants. Maternal background information contained data on maternal smoking, socioeconomic status, job classification, previous deliveries and previous miscarriages. Information available on infants included gestational age, birth date, birth weight, gender, number of fetuses, and order of children in case of several fetuses. The miscarriages occurred among the cohort members during the study period were identified from the Register of Primary Health Care Visits and from the Care Register for Health Care. These registers collect data on the activities of health centers and hospitals. Visits where miscarriage (ICD 10 code O03) was recorded as the primary reason for treatment were included in the study.
The date of miscarriage was the only information regularly available from those registers. A pregnancy was included in the study if the mother had a contract of employment at the time of miscarriage or at the tenth week of successful pregnancy. A total of 536 births and 38 miscarriages occurred during the study period. The age of the mothers at the beginning of pregnancy ranged from 18.4 years to 39.0 years (mean 27.5 years, SD 4.8).
All children who were born to women in the study groups were born alive. There were 10 births with multiple offspring, which were removed from the analysis of gestational age, birth weight and SGA. The characteristics of the mothers in singleton births (N = 526) are shown in the Table 1 and information on newborns is shown in Table 2 . The gestational age ranged from 26.7 weeks to 42.3 weeks (mean 39.9 weeks, SD 1.7). The birth weight of the newborns ranged from 640 g to 5400 g (mean 3521 g, SD 531). SGA was defined as birth weight more than two standard deviations below the sex and gestational age specific reference mean, based on the data derived from a reference population (Sankilampi et al. 2013 ). 1.7 % of the boys and 4.6 % of the girls were classified as SGA.
( Tables 1 and 2 
here)
Exposure assessment
The basis for the exposure assessment was that, within the retail company involved in the study, large supermarkets had EAS devices while small grocery stores did not have. As our previous study showed elevated MF exposure levels for all cashiers working close to EAS devices operating at kHz frequencies , we expected that women working in large supermarkets with EAS devices would be exposed to IF MFs, and women working in small grocery stores without EAS devices would be unexposed. The cashiers work close to these EAS devices; normally the cashier's seat is located 0.5 m to 2.5 m away from the EAS gates. Also, cashiers regularly walk through the gates, which means that short-term exposure to high MFs inside the gates occurs repeatedly. On average, the cashiers walk through the gates 10 times per shift (minimum 1 and maximum 100) ).
Due to update of the EAS systems, all supermarkets included in the study had EAS devices operating at the frequency of 8.2 MHz during the entire study period. Therefore, we performed measurements to characterize exposure of the cashiers in six large supermarkets owned by the retail company. The six supermarkets were selected so that different EAS gate models were represented in the sample. The EAS systems used in these supermarkets consisted of two separate gates and the distance between two gates varied from 3.5 m to 4.6 m and the distance from the nearest gate to cashier's seat from 1.8 m to 2.7 m (Table S1 ). For comparison, we conducted the same measurements also in six small grocery stores where EAS systems were not in use. In addition to IF MFs, also ELF MFs were measured, as previous measurements indicated that cashier's may be exposed to slightly elevated ELF MFs , and there is some previous evidence that ELF MFs might be associated with adverse pregnancy outcomes (Juutilainen 2003; WHO 2007; Lewis et al. 2016 ).
In the supermarkets, the measurements were conducted at the position of cashier's seat, at the distance of 0.1 m from an EAS gate and at the center between two gates. In grocery stores, measurements were conducted at the cashier's seat and at the position where EAS gates would be if they were used in these stores. To characterize ELF MF exposure, MFs in the frequency range of 30 Hz -400 kHz were measured with a Narda ELT 400 MF meter (Narda Safety Solutions, Pfullingen, Germany) and IF fields from the EAS gates were measured with a Narda NMB-550 field meter and a HF3061 MF probe (Narda Safety Solutions, Pfullingen, Germany) covering the frequency range of 0.3-30 MHz. Static MFs emitted by de-activation devices (used for deactivation and removal of antitheft badges) on the cash desks were also measured with a Metrolab THM1176 MF meter (Metrolab Technology SA, Geneva, Switzerland).
Statistical analysis
All statistical analyses were performed by IBM SPSS Statistics Version 21 (IBM Corp, Armonk NY, USA). For continuous variables (birth weight, gestational age), the analyses were performed using the Generalized Linear Mixed Model procedure. Generalized Logistic Estimating Equation was used to analyze binary response variables (miscarriage, SGA). Odds ratios (ORs) and corresponding 95 % confidence intervals (CIs) were calculated. Results were considered as statistically significant if p < 0.05.
In the analysis for miscarriage, adjustments were made to the full model for maternal age (years) at the beginning of pregnancy. In the analysis for SGA, adjustments were made to the full model for maternal age (years) at the beginning of pregnancy, number of previous deliveries and smoking during pregnancy (no smoking, smoking during first trimester, smoking during whole pregnancy).
In analysis for birth weight, adjustments were made to the full model for maternal age (years) at the beginning of pregnancy, number of previous deliveries, smoking during pregnancy (no smoking, smoking during first trimester, smoking during whole pregnancy), gender of child (boy, girl) and gestational age (weeks). In the analysis for gestational age, adjustments were made to the full model for maternal age (years) at the beginning of pregnancy, number of previous deliveries, smoking during pregnancy (no smoking, smoking during first trimester, smoking during whole pregnancy) and gender of child (boy, girl).
Results
The 0.3 -30 MHz magnetic flux density at cashier's seat did not differ between two store types (Table 3) . However, clearly elevated fields were observed near the EAS gates. The 0.3 -30
MHz magnetic fields measured at 0.2 m from the gates (not shown), were on the average 43% of the values measured at 0.1 m (Table 3) , and the fields at 0.5 m from the gates (not shown) were still almost one order of magnitude higher than the background levels observed at the cashiers' seats. Furthermore, the spectrum of the field measured near the gates showed a peak at the operation frequency (8.2 MHz) of the EAS systems ( Fig. 1 ). Spectra measured at the cashiers' seats did not differ between the supermarkets and grocery stores (not shown), confirming that exposure to 8.2 MHz fields was negligible at the cashier's seat. Exposure of the cashiers to 8.2
MHz IF fields thus occurs only when they pass by the gates at short distance (which may happen several times per day according to Roivainen et al., 2014) . Cashiers working in the supermarkets were also exposed to static MFs. Static fields up to 150 mT were measured at the surface of the de-activation devices (Table 4) , while static fields of about 0.1 mT were continuously present at the cashiers' seats. Surprisingly, the ELF MFs (measured with a meter responding to frequencies from 30 Hz to 400 kHz) at the cashier's seat were generally higher in grocery stores without EAS devices than in the supermarkets (Table 3 ). In the grocery stores, all but one of the measured values exceeded 0.2 µT, which has been used as the cutpoint between "exposed" and "non-exposed" in many epidemiological studies on ELF MFs. Furthermore, three of the six cashier's seat values measured in the grocery stores were ≥ 0.4 µT, which has been reported to be associated with increased risk of childhood leukemia (IARC 2002) . In contrast, all values measured in the supermarkets were below 0.2 µT (maximum 0.12 µT). As this study was designed as a pilot study on IF MFs, data analysis was performed so that women working in the supermarkets were considered to be the "exposed" group (and will be called exposed from now on). The exposure is a combination of IF and static MFs. However, the higher ELF MF exposure in the grocery stores is taken into account in discussion of the results.
( Fig 1. here) ( Tables 3 and 4 here) There were 22 miscarriages in the exposed group and 16 miscarriages in the unexposed group during the study period while 315 births occurred in the exposed group and 221 in the unexposed group. No association was observed between exposure and the risk of miscarriage.
The crude OR was 0.97 (95 % CI 0.48 -1.93). When adjusted for the maternal age at the beginning of pregnancy, the OR was 0.97 (95 % CI 0.49 -1.95) ( Table 5 ).
The unexposed women giving birth were younger than the exposed ones. Otherwise, the characteristics of the mothers giving birth during the study period did not differ between the exposed and unexposed groups (Table 1 ). In total, there were 217 children born to the unexposed women and 309 children to the exposed women. No significant associations were found between maternal IF MF exposure and growth in utero. The mean difference of birth weight between children of exposed and unexposed women was -26.3 g (95 % CI -108 -55.4 g, p = 0.528) ( Table 6 ). Seven of the children born to exposed mothers were classified as SGA while there were nine SGA children born to unexposed mothers. The crude OR for MF exposure was 0.53 (95 % CI 0.19 -1.42). After adjusting for maternal age (years) at the beginning of pregnancy, number of previous deliveries and maternal smoking the OR was 0.49 (95 % CI 0.16 -1.43) (Table 5 ). There was no significant association between exposure to MFs and gestational age.
The mean difference between exposed and unexposed women was 0.12 weeks (95 % CI -0.22 -0.45 weeks, p = 0.488). (Table 6 ).
(Tables 5 and 6 here)
Discussion
Discussion of the study results
We compared the IF MF exposure of cashiers working in grocery stores with and without EAS systems operating at the frequency of 8.2 MHz. Measurements were carried out at six large supermarkets with EAS systems and at six small grocery stores without EAS systems. At the cashier's desk, the IF magnetic flux density was low at both store types and clearly lower than in our previous study where IF MFs around electromagnetic and acoustomagnetic EAS gates were measured . Near the gate (at the distance of 0.1 m), the magnetic flux density was higher. Therefore, higher short-term exposures can occur because cashiers have been found to regularly walk through the EAS gates during their work shifts .
Cashiers working in stores with EAS systems are also exposed to static MFs from the deactivation devices. The static MF levels measured were clearly higher than the normal background (the geomagnetic field is about 52 µT in Finland); at the cashier's seat the exposure level was found to be of the order of 0.1 mT. Much higher static fields were measured at the surface of the de-activation devices, but normally only the hands of the workers are exposed to these higher flux densities during de-activation. Exposure to static MFs cannot be distinguished from IF fields, because these two fields are associated with each other. We also measured low frequency MFs at cashier's desk and near (at the distance of 0.1 m) the EAS gate or the potential location of EAS gate. The measuring instrument responded to frequencies from 30 Hz to 400 kHz, and no spectrum measurements were made. However, it is likely that these low frequency MFs are mostly ELF fields, as they originate from various electrical equipment located near the cashier's seat, producing mainly power frequency (50 Hz) fields, but we cannot exclude contribution by the harmonics of 50 Hz. The measured ELF MF levels in the smaller stores were between 0.17 µT and 0.48 µT, which is higher than the average background level of 0.1 µT or less in Finnish residences (Ilonen et al. 2008; Okokon et al. 2014 , Eskelinen et al. 2016 . There is suggestive evidence that high ELF MF levels may be associated with increased risk of miscarriage (Lindbohm et al. 1992; Juutilainen et al. 1993; Huuskonen et al. 1998; Juutilainen 2003; Wang et al. 2013; Lewis et al. 2016 ) but very little evidence of increased risk of any other reproductive outcomes (Huuskonen et al. 1998; Juutilainen 2003; Lewis et al. 2016; Eskelinen et al. 2016) . Any further epidemiological studies on the possible health effects of IF MF exposure from EAS systems need to consider ELF MFs as a possible confounding factor. All MFs measured were clearly below the ICNIRP occupational reference levels (ICNIRP 2009 (ICNIRP , 2010 and low action levels set by the European Union (EU 2013) (ICNIRP 2009 (ICNIRP , 2010 . However, this study, like recent epidemiological studies in general, aimed at investigating whether any health effects can be detected below current exposure limits, at levels relevant to human exposure.
In summary, the women working in supermarkets with EAS devices were exposed to static MFs and intermittently to IF MFs, while women working at smaller stores without EAS devices had higher ELF MF exposure, which was present continuously at the cashier's seat. In the analysis, the focus was on detecting possible effects of MFs from EAS systems, and women working in supermarkets were therefore considered to be "exposed". Thus, an increase in a risk indicator (such as increased OR) would indicate adverse effects from EAS-related MFs, while opposite changes in risk indicators would be expected if there were any adverse effects of ELF MFs. The ORs were < 1.0 for both miscarriages and SGA, indicating that exposure to MFs from EAS systems did not increase the risk of these outcomes. Furthermore, there were no statistically significant differences between the two worker groups in any reproductive outcome. The sensitivity of the study to detect reproductive hazards was demonstrated by the fact that significant effects were seen for factors such as maternal smoking and number of previous deliveries that are expected to affect reproductive outcomes (Tables 5 and 6) .
Recommendations for further studies
An important goal of this study was to investigate possibilities for a larger epidemiological study on potential reproductive effects of IF MF exposure. Such a study would be important because the number of devices operating within this frequency range is increasing.
Cashiers are a potential group of people for such studies on reproductive effects but studies should focus on cashiers exposed to IF MFs at kHz frequencies. In Finland, devices operating at the frequency of 8.2 MHz are currently the most common in big retail chains, but acoustomagnetic EAS systems are also still used. Use of different EAS systems may vary between countries, but collaboration with several smaller retail chains, also other than supermarkets and grocery stores, is probably needed to obtain enough study subjects exposed to fields from acoustomagnetic systems. Also e.g. libraries, hospitals and storage facilities may have EAS systems.
Apart from low exposure to IF MFs, an important limitation of the study was lack of information about the exact duties of the workers, such as working hours as cashiers. Such information was not recorded to the human resources management system of the company. This data would have been highly useful for more detailed exposure assessment, and any further studies should attempt to gather information on work tasks, e.g. by using questionnaires if the company cannot provide such information. Questionnaires could also be used to gather more information on how often the cashiers pass by the EAS gates, which can be a significant contributor to the total exposure and can vary a lot from store to store. Also, information on possible confounding factors, such as the use of alcohol, could be collected by these questionnaires. For more complete characterization of electromagnetic field exposure, IF electric fields and radiofrequency electromagnetic fields could also be measured in further studies.
All the women giving birth were reliably identified as the Medical Birth Register covers all births in Finland. Also, the quality of data in this register is high (Gissler et al. 1995) . The women having miscarriages were identified from two different registers. Care Register for Health Care records information on activities of health centers and hospitals providing inpatient care and covers our study period. The collection of Register of Primary Health Care Visits was started in 2011, which is during our study period, and it contains information on all outpatient primary health care visits. Women who do not visit health care after miscarriage are not included in the registers but it is unlikely that this has affected the results of the study. It has been estimated that 80-90 % of recognized miscarriages can be detected from registers (Lindbohm & Hemminki 1988) . In a survey conducted in 1994 in Finland 97 % of the women who had a miscarriage had visited a physician (Hemminki 1998) . However, no background information (such as smoking or number of previous miscarriages) was available for the women having miscarriage. This information could have improved our study, and attempts to collect this data should be made in any further studies.
Conclusions
In conclusion, cashiers working in the vicinity of EAS gates operating at the frequency of 8.2 MHz are exposed to elevated MF levels only intermittently. No adverse effects on reproduction were observed among women working in supermarkets with such EAS systems compared to cashiers working in stores without any EAS devices. Any further epidemiological studies should attempt to include study subjects working near EAS systems that produce stronger IF MFs at kHz frequencies and need to consider ELF MFs as a possible confounding factor. 471 -205 (-306 --104) < 0.001 0.084 (-0.33 -0.50 0.688 Child gender d 526 135 (65.9 -204) < 0.001 0.026 (-0.26 -0.31) 0.859 Gestational age e 526 172 (151 -193) < 0.001 a Exposed compared to unexposed b Maternal age at the beginning of pregnancy in years c Compared to no smoking during pregnancy d Boys compared to girls e Gestational age in weeks 
